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© Process for preparing thin films of crystalline metals or semiconductors on amorphous substrates, 
and thin-film electroluminescent device obtainable by means of such a process. 



CM© A thin-film electroluminescent device, endowed 
^with good electro-optical characteristics and with a 
^.threshold voltage for electroluminescence generally 
flower than 100 V, comprises: 
CO 

(a) an amorphous support; 
on which there are deposited, in succession: 
CM (b) a metal layer; 
q (c) a luminescent layer; 

(d) an insulating layer; and 

(e) a conductor layer - with said (b) metal 
layer being a homogeneous layer of a binary alloy of 
two different metals, with a multicrystal structure, 



with columnar (tabular) grains with side dimensions 
equal to, or larger than, 1 itm, and with a thickness 
equal to, or higher than, 0.2 um; 

- said (c) luminescent layer being a zinc sulphide or 
zinc selenide layer, doped with manganese metal, 
with manganese sulphide, or with another manga- 
nese salt, with a multicrystal structure, with columnar 
(tabular) grains with side dimensions equal to, or 
larger than, 1 um, and with a thickness equal to, or 
lower than, 2 um. 

Said device is manufactured by means of a 
process which comprises: 

- the deposition, on an amorphous support of a layer 
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of a first metal, in order to form a metal layer having 
an either amorphous or micro crystalline structure: 

- the deposition on the first metal layer of a second 
metal, melting at a lower temperature than the first 
metal, by operating under temperature conditions 
within which the first metal gradually melts in the 
form of a liquid alloy with the second metal, and 
crystallizes in the form of a binary and homoge- 
neous solid alloy, in order to form a metal layer 
having a multicrystal structure; 

- the deposition, on the so-formed multicrystal metal 
layer, of the luminescent layer, and its epitaxial or 
quasi-rheotaxial growth, in order to form a multi- 
crystal luminescent layer; 

- the finishing of the device by means of the deposi- 
tion, in succession, of an insulating layer, and of a 
transparent conductive layer. 
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PROCESS FOR PREPARING THIN FILMS OF CRYSTALLINE METALS OR SEMICONDUCTORS ON AMOR- 
PHOUS SUBSTRATES, AND THIN-FILM ELECTROLUMINESCENT DEVICE OBTAINABLE BY MEANS OF 

SUCH A PROCESS 



The present invention relates to a process for 
preparing thin films crystalline metals or semicon- 
ductors on amorphous substrates. The same inven- 
tion relates furthermore to a thin-film elec- 
troluminescent device, which can be obtained by 
means of a particular application of such a process. 

In the art thin-layer electroluminescent devices 
are known which are actuated by alternate current 
{AC-TFEL: alternate current - thin film elec- 
troluminescence), used in the variable-information 
displays and in image displays. 

So, e.g., L.E. Tannas, in "Flat Panel Displays 
and CRT's", Van Nostrand - Reinhold. New York, 
1985, page 237, describes the use of AC-TFEL 
devices in flat displays. 

The AC-TFEL devices known from the prior art 
are generally provided with a structure formed by a 
glass support, on which there are deposited, in 
succession: a metai layer an insulating layer, a 
luminescent layer, an insulating layer, and a trans- 
parent conductive layer. 

In particular, the metal layer can be formed by 
aluminum or gold; the insulating layers can be 
formed by yttrium oxide (Y 2 0 3 ) t aluminum oxide 
(Al 2 0 3 ), barium titanate (BaTi03), silicon nitride 
(Si 3 NO, or their mixtures; the luminescent layer 
can be formed by zinc sulphide (ZnS) and zinc 
selenide (ZnSe), with luminescent impurities of 
manganese; and the transparent conductive layer 
can be formed by indium oxide (InsOa), tin oxide 
(Sn02> or relevant mixtures, e.g., a mixture contain- 
ing indium oxide and tin oxide in mutual propor- 
tions of the order of 9:1 by weight. 

As repor t ed by D. The is e l al.. i n J . Cr ysta l 



known as "Atomic Layer Epitaxy", described, e.g., 
by T. Suntola and J. Hyvarien, in Annual Review of 
Material Science, 15, 177 (1985). preparing lumi- 
nescent layers of multicrystal zinc sulphide doped 

5 with manganese, with good-quality columnar 
grains, is possible. These grains have side dimen- 
sions larger than 0.1 urn and smaller than 1 dm, 
which remain constant with varying thickness, at 
least for thicknesses higher than 0.05 urn. With 

10 such a microstructure of the luminescent layer, 
peak voltages lower than 150 V, but higher than 
100V are necessary in order to induce elec- 
troluminescence in the relevant electroluminescent 
device. 

15 In order to further improve the microstructure 

of the luminescent layer, and therefore the perfor- 
mance of the electroluminescent devices which in- 
corporate such a layer, structures have been pro- 
posed in the art, which are based on semiconduc- 

ao tor supports, mostly obtained by means of complex 
and expensive deposition methods. So, e.g., K. 
Hirabayashi and K. Katoh, in Japanese Journal of 
Applied Physics, 24, L 629 (1985), describe a 
structure formed by single-crystal silicon; single- 

25 crystal zinc sulphide doped with manganese; in- 
sulating layer; and transparent conductive layer; in 
which the deposition of the active layer of zinc 
sulphide is carried out by means of molecular 
beams and wherein the single-crystal structure of 

30 the layer is obtained by epitaxy on single-crystal 
silicon (Molecular Beam Epitaxy). By means of 
such a device, the peak voltages, suitable for in- 
ducing electroluminescence, can be lower than 100 

y. 



Growth 63, 47 (1983) and by D. Theis, in Physica 
Status Solidi (a) (M, 647 (1984), the electro-optical 
characteristics of the thin-film electroluminescent 
devices mainly depend on the microstructure of the 
luminescent layer. 

More particularly, the luminescent layers pre- 
pared by means of the usual flash evaporation 
technique and sputtering technique, typically show 
a microcrystalline structure, with grains having side 
dimensions smaller than 0.05-0.1 nm, for thicknes- 
ses of up to approximately 0.2 urn. When the 
thickness reaches the value of approximately 0.5 
Urn. the side dimension of the grains increases up 
to approximately 0.3-0.5 um. With such a micro- 
structure of the luminescent layer, peak voltages 
generally higher than 150 V are required in order to 
induce electroluminescence in the relevant elec- 
troluminescent device. 

Furthermore, by using the deposition method 



~35 On the basis of sucn a present siaTe 0/ the 

prior art, the purpose of the present invention is an 
electroluminescent device having good electro-op- 
tical characteristics, and with a low threshold volt- 
age for electroluminescence, which can be 00- 
40 tained by means of the usual flash evaporation 
technique or sputtering technique. 

The present Applicant has found, according to 
the present invention, that on an amorphous sup- 
port and by means of the usual depositions tech- 
45 niques, a multicrystal layer can be formed, of a 
binary alloy of two different metals, capable of 
forming a homogeneous solid solution. 

The present Applicant has also found that a 
multicrystal electroluminescent layer can be depos- 
50 ited on such a metal layer by means of the usual 
deposition techniques, and can be made grow by 
epitaxial or quasirheotaxial growth. 

The present Applicant observed finally that an 
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electroluminescent device, which incorporates sard 
metal layer and said luminescent fayer, displays 
good electrooptical characteristics, and is capable 
of emitting luminescence with threshold voltages 
generally lower than 1 QO V. 

In accordance therewith, according to a first 
aspect, the present invention relates to a thin-film 
electroluminescent device, endowed with good 
electrooptical characteristics, with a threshold volt- 
age for electroluminescence generally lower than 
100 V, with said device comprising: 

(a) an amorphous support; 

on which there are deposited, in succession: 

(b) a metal layer; 

(c) a luminescent layer; 

(d) an insulating layer; and 

(e) a conductive layer; - with said (b) metal 
layer being a layer of a binary alloy of two different 
metals having mutually different melting points and 
capable of forming a homogeneous solid solution, 
and having a multicrystal structure, with columnar 
(tabular) grains with average side dimensions equal 
to, or larger than, 1 urn up to 500 urn, and with a 
thickness equal to. or higher than, 0.2 urn; and 

- said (c) luminescent layer being a zinc sulphide 
or zinc selenide layer, doped with manganese, and 
having a multicrystal structure, with columnar 
(tabular) grains with average side dimensions equal 
to, or larger than, 1 urn. up to -500 urn, and a 
thickness equal to, or lower than, 2 urn. 

According to the preferred form of practical 
embodiment, the grains of the (b) metal layer have 
side dimensions comprised within the range of 
from 10 to 100 urn, and thicknesses comprised 
within the range of from 0.5 to 2 urn. Furthermore, 
the metals, capable of forming solid solutions, are 
selected from lead, tin, bismuth, antimony, alu- 
minum, gallium, silicon, silver, indium and gold. 

The use of the metal couples aluminum/silicon, 
lead/tin, — alum i nu m / g e rm a n iu m , — a l umi n um, gallium — 
and bismuth/tin is preferred. 

Still in the preferred form of practical embodi- 
ment, the grains of the (c) luminescent layer show 
average side dimensions comprised within the 
range of from 5 to 50 iim, and thicknesses com- 
prised within the range of from 0.5 to 1.5 urn. 

A second object of the present patent Applica- 
tion relates to an at all general process, useful for 
growing thin films of metals or semiconductors on 
amorphous substrates, which consists in the simple 
deposition of two layers, in succession, on an 
amorphous layer maintained at a certain tempera- 
ture. 

The so-obtained thin films can be used as low- 
cost crystalline substrates for the epitaxial growth, 
or quasi-rheotaxial growth of semiconductor materi- 
als, and can be used hence for the low-cost prep- 
aration of such devices as the thin-film solar cells. 



I.R. detectors and substrates for microelectronic 
"circuits, and still other applications. 

Such a process is characterized in that: 

- by means of the flash evaporation technique, or 
s of the sputtering technique, a first metal or semi- 
conductor is deposited, in the form of an amor- 
phous or microcrystalline layer, on the (a) amor- 
phous support; 

- on the so-formed layer, by means of the same 
io deposition techniques, a second metal or semicon- 
ductor is deposited, which has a mefting tempera- 
ture lower than the melting temperature of the first 
metal or semiconductor, and is capable of forming 
a homogeneous solid solution with said first metal 

/s or semiconductor, by operating at a constant, or 
substantially constant, temperature, higher than the 
melting temperature of the second metal or semi- 
conductor, and close to, but lower than the melting 
temperature of the first metal or semiconductor, so 

20 as to cause the first metal or semiconductor to 
gradually melt in the form of a liquid alloy with the 
second metal or semiconductor, and it to crystallize 
in the form of a binary and homogeneous solid 
alloy, with the (b) multicrystal metal or semicon- 

25 ductor layer being formed. 

A particular aspect of the above-said process 
relates to the preparation of the above-disclosed 
electroluminescent device, which can be therefore 
obtained by means of the following steps: 

so - the deposition, by means of the flash evaporation 
technique, or of the sputtering technique, of a first 
metal, in the form of a metal layer having an either 
amorphous or microcrystalline structure, on an (a) 
amorphous substrate; 

35 - the deposition on the so-formed layer, by means 
, of the same deposition techniques, of a second 
metal, melting at a lower temperature than the first 
metal, and capable of forming a homogeneous 
solid solution with the first metal, by operating at a 

—*to c o ns t an t , o r su b s t antia l ly c o ns t an t , te m p e ra t u r e. 

higher than the melting temperature of the second 
metal, and close to, but lower than, the melting 
temperature of the first metal, so as to cause the 
first metal to gradually melt in the form of a liquid 

45 alloy with the second metal, and it to crystallize in 
the form of a binary and homogeneous solid alloy, 
in order to form a (b) multicrystal metal layer: 

- the deposition, on the so-formed multicrystal met- 
al layer, of the luminescent layer, by means of the 

so flash-evaporation technique or of the sputtering 
technique, of the luminescent layer, and its epitax- 
ial or quasi-rheotaxial growth, in the form of a (c) 
multicrystal luminescent layer; 

- the finishing of the device by means of the 
55 deposition, in succession, of a (d) insulating layer. 

and of an (e) conductive layer. 

In the preferred form of practical embodiment, 
when the (b) layer is formed, two metals are used. 
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whose melting points are different by at least 
50 "C, and the deposition of the second "metal 
takes place at a temperature lower than the melting 
temperature of the first metal by not more than 
10*C. 

The (a) support, useful for the electrolumines- 
cent device of the present invention, can be a 
ceramic support or a glass support, e.g., Corning 
7059 glass. 

Advantageously, said support is submitted to 
washing, e.g., with acetone, in an ultrasound tray, 
before the (b) layer is deposited. 

The (b) layer of the electroluminescent device 
of the present invention is a multicrystal metal 
layer of a binary alloy of two different metals, 
having different melting points, and capable of for- 
ming a homogeneous solid solution. 

The metal couples useful for the intended pur- 
pose are those which have solid/liquid phase dia- 
grams of the type as shown in Figures 1 and 2 of 
the drawing table. 

More particularly, in Figure 1 a phase diagram 
is reported, which relates to compositions of a 
higher-melting metal (a) with a lower-melting metal 
(b), wherein the solidification point of such com- 
positions passes through a minimum value. 

The procedure for preparing the (b) metal layer 
is the following: 

A few u,m of- the (a) metal is deposited on the 
(a) amorphous substrate, by operating with a tem- 
perature of the substrate at which the (a) metal 
grows in the amorphous, or microcrystalline form., 
The temperature is then increased up to a value T s 
dose to, but lower than, the melting temperature T a 
of the (a) metaJ (Figure 1). Under these conditions, 
such an amount of the (b) metal is deposited, that 
the end composition is a homogeneous solid solu- 
tion, i.e., having a composition comprised within 
the T 9 -C s range. When the first layers of the (b) 
meta l ar e de posi te d abo v o tho (o) rrtotal layor, thoy 
interact with the surface of the (a) metal forming a 
surface liquid ailoy having a composition com- 
prised within the C L -X range. Therefore, a con- 
centration gradient is developed between the mass 
of the (a) metal, and the (A+B) liquid alloy at its 
surface. This concentration gradient causes the sol- 
id to diffuse into the liquid, until the selected con- 
centration comprised within the T s -C s range is 
reached. By means of this treatment, most (a) 
metal will melting and crystallize in the form of a 
homogeneous solid solution, or binary alloy (A + B). 

The dimensions of the crystal grains which are 
obtained by means of the above disclosed process 
depend on the amount of (a) metal which is molten 
and crystallized. 

The present Applicant found that the shorter 
the C s -C t segment in the phase diagram of Figure 
1 - i.e., the closer the operating temperature to the 



melting point of the (a) metal -, the larger the size 
of the grains, with the composition of the binary 
alloy being always comprised within the corre- 
sponding T s -C $ range. 

s By operating under the above-reported con- 

ditions, an average side dimension of the grains of 
the order of 100 urn can be easily obtained, e.g.,. 
in case of lead or aluminum crystallized with a 
small amount of tin (approximately 7%). By operat- 

io ing at a temperature very close to the melting point 
of the higher-melting metal, grains can be obtained, 
for the above disclosed systems, which have side 
dimensions of up to 0.5 mm. 

By operating under similar conditions, the cry- 

i5 stallization can be caused of a layer of silver with 
small amounts of another metal selected from gal- 
lium, indium, lead or tin; or of a layer of aluminum, 
by means of tin; or of a layer of gold, by means of 
indium or tin; or of a bismuth layer, by means of tin 

20 or lead; or of a layer of tin, by means of indium. 

In all above cases, a (b) metal layer is obtained 
which is of uniform crystallinlty and of multi-crystal 
nature, with columnar (tabular) grains having the 
above-indicated dimensions. 

25 Other metal couples useful in the preparation 

of the (b) layer are those which show a solid/liquid 
• phase diagram of the type as shown in Figure 2, 
wherein the solidification point of the compositions 
is comprised within the range between the solidi- 

30 fication points of the pure components. The sym- 
bols reported in Figure 2 have the same meaning 
as of those reported in Figure 1, and the same 
considerations as previously reported for Figure 1 
are still valid. 

35 Representative metal couples are, in this case, 
antimony/bismuth and germanium/sificon.- 

According to the present invention, the (c) lu- 
minescent layer is deposited on the (b) metal layer 
by means of the flash-evaporation technique or of 

.40 the sputtering tflnhninnn, and is made grow by 

epitaxial growth at a temperature lower than the 
melting temperature of the metal layer, or by a 
growth similar to rheotaxial growth, at a tempera- 
ture close to the melting temperature of the metal 

45 layer, i.e., under conditions of "mobility" of the 
substrate. 

For this purpose, zinc sulphide or zinc selenide 
doped with an amount of metal manganese ranging 
from a few parts per thousand parts by weight, up 
so to some parts per one hundred parts by weight, 
and preferably of the order of 1% by weight, is 
used. 

A (c) luminescent layer is deposited, which has 
a thickness equal to, or lower than, 2 urn, and 
55 preferably comprised within the range of from 0.5 
to 1.5 lim. 

By operating under these conditions, a layer of 
multicrystal nature, with columnar (tabular) grains 
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and with average side dimensions of the grains of 
more than 1 urn. and up to 500 urn, and normally 
comprised within the range of from 5 to 50 urn is 
formed. 

According to the present invention, in order to 
finish the electroluminescent device, on the (c) 
luminescent layer an insulating layer (d) and a 
conductive layer (e) are deposited. 

Suitable materials for the (d) layer are those 
materials which are electrically insulating and opti- 
cally tansparent at the wavelenghts of lumines- 
cence of the (c) luminescent layer. Examples of 
such materials are: yttrium oxide <Y2 03), aluminum 
oxide (AI2O3). silicon nitride (S13N*). barium titanate 
(BaTi0 3 ). lead titanate (PbTiOs) and strontium 
titanate (SrTiOa), which show high values, higher 
than 100. of the relative dielectric constant. The 
formation of the (d) layer takes place advanta- 
geously by means of the deposition by the flash 
evaporation technique, or by the sputtering tech- 
nique, of thicknesses equal to, or higher than, 0.2 
um and preferably of the order of 0.3 urn, by 
operating at temperatures lower than the tempera- 
tures at which melting phenomera occur, and pref- 
erably at room temperatures. The (d) layer is pref- 
erably formed by yttrium oxide. 

The suitable materials for the (e) layer are 
advantageously constituted by indium oxide 
(fn203); tin oxide (Sn02>; ITO; and zinc oxide 
(ZnO), which are deposited on the (d) layer, by 
means of the flash evaporation technique or of the 
sputtering technique, with a thickness of the order 
of 0.1 um, by preferably operating at temperatures 
close to room temperatures. 

The (e) layer is preferably formed by ITO. 

The thin-film electroluminescent device accord- 
ing to the present invention shows the advantages 
deriving from the use of amorphous, low-cost (a) 
supports, and .those due to, tte .fact that Jhey _re- 
quifo ouch otondard dopooition toohniquoo. oc flaoh 



Example 1 



Glass/Al(Si)/ZnS(Mn)/Y2 Q 3 /ITO Electroluminescent 
Device 

As the substrate, a Corning 7050 glass of 1 
to square inch of surface area is used. After being 
washed with acetone in an ultrasound tray, the 
glass is mounted inside a vacuum chamber inside 
which a vacuum of approximately 5 x 10" 8 mbar is 
made. 

15 On the substrate aluminum is first deposited by 

means of an electronic gun, at a deposition rate of 
approximately 50 Angstrom per second, with a 
substrate temperature of 400-500 *C, until a layer 
of microcrystalline aluminum of 0.4 um of thick- 
20 ness is obtained. When the deposition of aluminum 
is complete, the temperature of the substrate is 
increased to approximately 650* C, and, still by 
means of the electronic gun, approximately 40 
Angstrom of silicon is deposited, which cause alu- 
25 minum to crystallize as a solid solution with silicon. 
The so-obtained (b) metal layer is of multicrystal 
nature, with columnar (tabular) grains. 

The so-obtained crystallized aluminum sub- 
strate is transferred into a sputtering system, 
so wherein three targets, respectively of zinc sulphide 
doped with 1% by weight of metal manganese; 
yttrium oxide (Y2O3); and ITO, are mounted. 

More particularly, the temperature of the sub- 
strate is first increased to approximately 500 * C, 
35 and on the substrate a layer of approximately 0.6 
um of ZnS(Mn) is deposited, at a deposition rate of 
approximately 0.5 Angstrom per second. 

The layer of ZnS(Mn) grows on the crystallized 
layer of aiumjnum. by epitaxy,, generating a mul- 
-46 t i cryctal loyor with co l umnar (tabu l ar) grainc and — 



evaporation and sputtering. The (c) luminescent 
layer of said device is constituted by crystalline 
grains which, with the thickness being the same, 
show side dimensions larger (even 500 times larg- 
er) than the grains of the devices known from the 
prior art. based on the use of amorphous supports 
both prepared by means of standard evaporation 
techniques (flash evaporation and sputtering), and 
special techniques (such as the Atomic Layer Epi- 
taxy). 

The high crystalline quality of the (c) layer 
enables the electroluminescent device according to 
the present invention to reach a higher LumenA/Vatt 
efficiency, and it to be fed with peak voltages lower 
than 1 00 V. 

The following experimental examples are illus- 
trative and non-limitative of the purview of the 
present invention. 



with average side dimensions of the order of 50 
um. 

Without interrupting the vacuum, a layer of 
Y2O3 (0.3 um) and a layer of ITO (0.1 um) are 
as subsequently deposited at a temperature of the 
substrate close to room temperature. 



Example 2 



50 



Glass/Pb(Sn)/ZnS(Mn)/ Y2O3/ITO Electrolumines- 
55 cent Device 

A substrate is used, which is identical to the 
substrate as of Example 1. After being washed 
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according to the same procedure as disclosed in 
Example 1, the substrate is mounted inside a vacu- 
um chamber wherein two crucibles, respectively 
containing lead and tin. are mounted. 

The substrate is then heated to a temperature 
of approximately 100"C. and on it approximately 4 
urn of lead is deposited by flash evaporation, at a 
deposition rate of approximately 50 Angstrom per 
second. In this way, a layer of microcrystalline lead 
is obtained. The temperature of the substrate is 
then increased to approximately 310' C, and 1000- 
2000 Angstrom of antimony is deposited, which 
causes lead to crystallize as a solid solution with 
antimony, with a multicrystal structure with colum- 
nar (tabular) grains being formed. 

The so obtained crystalline lead substrate is 
charged to a sputtering system containing the three 
targets of ZnS(Mn); Y 2 0 3 ; and ITO, as in Example 
1. 

More particularly, the substrate is first heated 
to a temperature of approximately 310* C, and on it 
approximately 0.6 urn of ZnS{Mn) is deposited as 
in Example 1. In this case, the layer of ZnS(Mn) 
grows with a quasi-rheotaxial growth mechanism, in 
that the substrate is maintained at a temperature' 
close to the melting temperature of the substrate, 
generating a multicrystal layer with columnar 
(tabular) grains having average side dimensions of 
the order of 50nm. 

Without interrupting the vacuum, a layer of 
Y 2 0 3 (0.3 urn) and a layer of ITO (0.1 urn) are 
subsequently deposited by operating at a tempera- 
ture of the substrate close to room temperatures. 



Examples 3-7 



The processes are carried put by. operating in_ 
a way similar to Cxainpl e j 1 and £, an d the fol l o w 



(d) an insulating layer; and 

(e) a conductive layer; 

- with said (b) metal layer being a layer of a 
homogeneous binary alloy of two different metals 

5 having melting points different from each other and 
capable of forming a homogenous solid solution 
with a multicrystal structure, with columnar (tabular) 
grains with average side dimensions equal to, or 
larger than, 1 urn. up to 500 urn, and with a 

to thickness equal to, or higher than, 0.2 Jim; and 

- said (c) luminescent layer being a zinc sulphide 
or zinc selenide iayer, doped with manganese, and 
having a multicrystal structure, with columnar 
(tabular) grains with average side dimensions equal 

75 to, or larger than, 1 urn, up to -50G um, and a 
thickness equal to, or lower than, 2 urn. 

2. Device according to claim 1 . characterized in 
that the (a) amorphous support is a glass support 
or a ceramic support. 

20 3. Device according to claim 1 , characterized in 
that the binary alloy of the (b) layer is formed by a 
metal couple, whose components are selected from . 
the following metals: lead, tin, bismuth, antimony, 
aluminum, gallium, silicon, silver, indium and gold. 

25 4." Device accordiriglo claim "3, characterized in 

that said metal couple is aluminum/silicon, lead/tin, 
aluminum/germanium, aluminum/gallium and 
bismuth/tin. 

5. Device according to claim 1 , characterized in 
30 that the grains of the (b) metal layer have side 

dimensions comprised within the range of from 10 
to 100 urn, and thicknesses comprised within the 
range of from 0.5 to 2 urn. 

6. Device according to claim 1 , characterized in 
35 that the (c) luminescent layer is a layer of zinc 

sulphide or of zinc selenide, doped with an amount 
of the order of 1% by weight of metal manganese, 
and the grains of said (c) layer have average side 
dimensions comprised within the range of from 5 to 
-4e 60 l inii" and thickn e sgW compri sf?H within Inn 



ing electroluminescent devices are produced: 

- Glass/AI (Si)/ZnS (MnyAl 2 0 3 /ITO; 

- Glass/AI (Si)/ZnS (Mn)/SrTi0 3 /ITO; 

- Glass/AI (Ge)/ZnS (Mn)/Y 2 0 3 /ITO; 

- Glass/AI (Ge)/ZnS (Mn)/Y 2 0 3 /ITO; and 

- Glass/Bi (Sn)/ZnS (Mn)/Y 2 0 3 /ITO. 



Claims 

1. Thin-film electroluminescent device, with 
good electro-optical characteristics and with a 
threshold voltage for electroluminescence generally 
lower than 100 V, said device comprising: 

(a) an amorphous support; 

on which there are deposited, in succession: 

(b) a metal layer; 

(c) a luminescent layer; 



range of from 0.5 to 1.5 urn. 

7. Device according to claim 1 . characterized in 
that the (d) insulating layer is a layer of yttrium 
oxide (Y 2 0 3 ), aluminum oxide (Al 2 0 3 ), silicon 

45 nitride (Si 3 N*). barium titanate (BaTiOa), lead 
titanate (PbTiOs) and strontium titanate (SrTi0 3 ), 
with a thicknes equal to, or higher than, 0.2 urn. 

8. Device according to claim 7, characterized in 
that said (d) insulating layer is a layer of yttrium 

50 oxide (Yj03) having a thickness of the order of 0.3 
urn 

9. Device according to claim 1 , characterized in 
that the (e) layer is a layer of indium oxide (ln 2 0 3 ); 
tin oxide (Sn0 2 ); ITO; or zinc oxide (ZnO), and 

55 preferably ITO, with a thickness of the order of 
0.1U m. 
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10. Process for preparing thin films of cry- 
stalline metals or semiconductors on an amorphous 
substrate.- characterized in that: 

- by means of the flash evaporation technique, or 

of the sputtering technique, a first metal or semi- 5 
conductor is deposited, in the form of an amor- 
phous or rmcrocrystailine layer, on the (a) amor- 
phous substrate; 

- on the so-formed layer, by means of the same 
deposition techniques, a second metal or semicon- io 
ductor is deposited, which has a melting tempera- 
ture lower than the melting temperature of the first 
metal or semiconductor, and is capable of forming 

a homogeneous solid solution with said first metal 
or semiconductor, by operating at a constant, or 15 
substantially constant, temperature, higher than the 
melting temperature of the second metal or semi- 
conductor, so as to cause the first metaJ or semi- 
conductor to gradually melt in the form of a liquid 
alloy with the second metal or semiconductor, and 20 
it to crystallize in the form of a binary and homo- 
geneous solid alloy, with the (b) multicrystal metal 
or semiconductor layer being formed. 

11. Process for preparing an electrolumines- 
cent device according to claim 1-9, according to 25 
the method as claimed in the preceding claim 10, 
characterized that in the (a) and (b) steps a metal 
is used, and that at the end of the (b) step, the 
process is continued as follows: 

- on the so-formed multicrystal metal layer the so 
luminescent layer is deposited, by means of the 
flash-evaporation technique or of the sputtering 
technique, and said luminescent layer is made 
grow by epitaxy or quasi-rheotaxial growth, in order 

to form a (cj multicrystal luminescent layer; 35 

- the (d) insulating layer is deposited on the (c) 
layer; and 

- the (e) conductive layer is deposited on the (d) 
layer.- . . _ . _ .. 

1 2. P r ocess acco r d i ng to c l a i m 1 1 . charac t er- 

ized in that in the formation of the (b) layer two 
metals are used, whose melting points are different 
by at least 50 * C. and the deposition of the second 
metal takes place at a temperature lower than the 
melting temperature of the first metal by not more 45 
than 10* C. 

13. Process according to claim n, character- 
ized in that the deposition of the (d) and (c) layers 
is carried out by means of the flash evaporation 
technique, or by means of the sputtering technique. 50 



55 



8 



EP 0 297 644 A2 





